Chronic kidney failure Hyperparathyroidism Ultrasonography Computed tomography a b s t r a c t Tertiary hyperparathyroidism is defined as a state of excessive secretion of parathyroid hormone after long-standing secondary hyperparathyroidism, which typically occurs in patients with chronic kidney disease. Tertiary hyperparathyroidism is typically characterized by marked parathyroid hyperplasia or parathyroid adenomas. Here we present a case of multiple parathyroid adenomas in a 23-year-old woman with tertiary hyperparathyroidism due to chronic kidney disease and describe the ultrasonography and computed tomography findings. To our knowledge, this is the first case of four parathyroid adenomas showing variable radiological features in a patient with tertiary hyperparathyroidism.
Introduction
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Fig. 3 -Contrast-enhanced CT of multiple parathyroid adenomas in a 23-year-old woman with tertiary hyperparathyroidism. An axial image shows a heterogeneous enhancing mass in the right superior parathyroid lesion (A). A sagittal image shows a cystic portion of the mass with linear dense calcification (open arrow) (B) and an enhancing solid portion (arrowhead) (C) in the left upper parathyroid lesion. A coronal image shows a prominent feeding vessel to the right lower parathyroid gland, arising from the right inferior thyroidal artery (long arrow) (D).
Here we describe a case involving a 23-year-old woman with tertiary hyperparathyroidism who developed 4 parathyroid adenomas showing variable imaging findings.
Case presentation
A 23-year-old woman had been treated with long-term hemodialysis to manage chronic kidney disease (CKD) due to membranoproliferative glomerulonephritis for the past 10 years. She was also treated with active vitamin D sterols because of secondary hyperparathyroidism, for the previous 6 years. However, her serum parathyroid hormone (PTH) levels remained elevated over 600 pg/mL (normal range: 10-65 pg/mL) despite this treatment. On admission, the patient's serum calcium was 10.7 mg/dL (normal range: 8.6-10.2 mg/dL), and serum phosphate was 7.1 mg/dL (normal range: 2.5-4.5 mg/dL). Serum intact PTH concentration was 630 pg/mL. She complained of pain in both knees, and the mean T-score of the left femur neck, measured by dual-energy X-ray absorptiometry, was -2.7. On the basis of these findings, the patient was diagnosed with tertiary hyperparathyroidism.
Two-hour-delayed 99mTc sestamibi scintigraphy showed increased uptake in both superior and inferior parathyroid glands ( Fig. 1 ). Gray-scale ultrasonography of the neck revealed 4 masses located immediately posterior and inferior to both lobes of the thyroid gland. The right upper parathyroid lesion showed hypoechoic and isoechoic components ( Fig. 2 A) . The left superior parathyroid lesion showed hypoechoic echotexture, with dense linear internal calcification and areas of cystic degeneration ( Fig. 2 B) . Right and left inferior parathyroid lesions showed well-circumscribed, bean-shaped, predominantly cystic masses ( Fig. 2 C and 2 D) .
Computed tomography (CT) of the neck showed heterogeneous enhancement in the right upper parathyroid gland ( Fig. 3 A) . The left upper parathyroid gland showed a cystic area, dense linear calcification, and enhancing solid por- tion ( Fig. 3 B and 3 C) . A prominent feeding vessel was identified from the right inferior thyroidal artery to the right lower parathyroid gland ( Fig. 3 D) .
To treat symptomatic tertiary hyperparathyroidism with osteoporosis, she underwent subtotal parathyroidectomy. During the surgery, 4 enlarged, soft, oval, yellowish parathyroid glands were observed (right upper: 1.6 × 1.3 × 1.0 cm 3 ; right inferior: 2.5 × 1.0 × 0.6 cm 3 ; left upper: 2.3 × 1.4 × 1.2 cm 3 ; left lower: 1.2 × 1.0 × 0.8 cm 3 ). Microscopic examination of the four resected masses demonstrated round contours and monotonous growth of oxyphilic cells or chief cells ( Fig. 4 ) . Histological findings revealed the four resected tissues to be parathyroid adenomas. The right upper parathyroid gland was partially preserved, while other lesions were removed completely.
During follow-up, the patient did not have any serious postoperative complications. Postoperative blood tests performed a day after the operation showed decreased levels of serum calcium and phosphate, and intact PTH, which were 7.5 mg/dL, 4.7 mg/dL, and 7 pg/mL, respectively. The patient did not have any serious postoperative complications during 15 months follow-up.
Discussion
Tertiary hyperparathyroidism is defined as persistent parathyroid hyperfunction developing from the longstanding secondary parathyroid hyperplasia, mostly in patients with CKD. Decreased urinary phosphate excretion and impaired activity of renal 1 alpha-hydroxylase in patients with CKD, cause hypocalcemia, leading to secondary hyperparathyroidism [4] . Tertiary hyperparathyroidism typically manifests as hypercalcemia following prolonged secondary hyperparathyroidism in patients with long-term hemodialysis and/or successful kidney transplantation [5] . A lack of response to changes in serum calcium levels can lead to elevated serum calcium, phosphate, and PTH levels [5] . In patients with secondary hyperparathyroidism, laboratory tests may show hypocalcemia or normocalcemia and elevated intact PTH levels. In contrast, patients with tertiary hyperparathyroidism show normal or elevated serum calcium level and moderately elevated intact PTH levels [6] . Moreover, patients with tertiary hyperparathyroidism may experience bone pain or fractures with osteopenia or osteoporosis [6] . Our patient had been receiving long-term hemodialysis for CKD, in addition to active vitamin D sterols for secondary hyperparathyroidism since the last 6 years. However, her serum PTH levels remained above 600 pg/mL. On admission, the patient showed hypercalcemia, hyperphosphatemia, and an elevated serum intact PTH level. She also complained of pain in both knees, and the mean T-score for the left femur neck suggested osteoporosis. On the basis of her clinical history and laboratory test results, she was diagnosed with tertiary hyperparathyroidism.
The chronic stimulation of parathyroid secretion in tertiary hyperparathyroidism patients causes parathyroid gland hyperplasia, and this commonly evolves into a parathyroid tumor. The parathyroid lesion may be heterogeneous, because of the continuous evolution from a diffuse hyperplastic state to single nodular glands in patients with secondary hyperparathyroidism [7] . The incidence of single adenoma or double adenomas in patient with tertiary hyperparathyroidism is reported to reach 32% [1] [2] [3] . Nichol et al. reported that the incidences of single adenoma and double adenomas were 10% and 17%, respectively, in patients with tertiary hyperparathyroidism treated by surgical resection [8] . In contrast, patients with primary hyperparathyroidism usually have a single parathyroid adenoma [2 ,9] . In our patient, 4 adenomas were identified after parathyroidectomy. To the best of our knowledge, there is no published report of 3 or 4 adenomas in a patient with tertiary hyperparathyroidism.
Common ultrasonography findings of an abnormal parathyroid gland with hyperparathyroidism include a welldefined margin and an oval or bean-shaped hypoechoic mass that is usually hypervascular and shows a peripheral vascular arc [10] . In our patient, adenomas in both inferior parathyroid glands showed similar ultrasonography findings. In contrast, atypical ultrasound findings, such as heterogeneous echotexture, cystic changes, and calcification are thought to be increased among patients with parathyroid carcinoma as compared to those with parathyroid adenoma [11] . In our patient, the right superior parathyroid adenoma showed heterogeneous echogenicity and the left superior parathyroid adenoma showed internal calcification and areas of cystic change. Calcification in the parathyroid gland is more common in carcinomas than in adenomas [12] . However, in the setting of CKD, parathyroid adenoma can show internal calcification, probably due to calcification secondary to chronic renal failure, and does not suggest parathyroid carcinoma [13] .
Parathyroid adenomas are usually hypervascular lesions with prominent feeding vessels at the margins. In our patient, CT identified a prominent feeding vessel to the parathyroid adenoma in the right lower parathyroid gland.
In conclusion, we presented a very rare case of 4 parathyroid adenomas showing variable ultrasonography and CT features in a patient with tertiary hyperparathyroidism due to CKD.
